
SILICON CONTROLLED RECTIFIERS 


DIFFUSED 


s 


POWER-CONTROL AND 



POWER-SWITCHING APPLICATIONS 





RCA-2N3668*, 2N3669*, and 2N3670* are all-dif- 
fused, three-j unction, silicon controlled-rectifiers 
(SCR’s A ). They are intended for use in power-control 
and power-switching applications requiring a blocking 
voltage capability of up to 400 volts and a forward-cur- 
rent capability of 12 ,5 amperes (rms value) or 8 am- 
peres (average value) at a case temperature of 80°C. 

The 2N3668 is designed for low-voltage power 
supplies , the 2N3669 for direct operation from 120-volt 
line supplies, and the 2N3670 for direct operation from 
240-volt line supplies. 




JEDEC No„T 0~3 


* Formerly Dev. Types TA2621, TA2598, and TA2618, respec- 
tively. 

^ The silicon controlled-rectifier is also known as a reverse- 
blocking triode thyristor. 


FEATURES 


• Designed especially for high-volume systems 

• All-diffused construction -- assures exceptional 
uniformity and stability of characteristics 

• Multi-diffusion process — permits precise control 
of individual junction parameters 

• Direct-soldered internal construction -- assures 
exceptional resistance to fatigue 

• Symmetrical gate-cathode construction --provides 
uniform current density, rapid electrical conduc- 
tion, and efficient heat dissipation 

• All-welded construction and hermetic sealing 

• Low leakage currents, both forward and reverse 

• Low forward voltage drop at high current levels 

• Low thermal resistance 


Information furnished by RCA is believed to be accurate and re- 
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 


2N3668 

For Low-Voltage 
Power 

Supplies 

2N3669 

For 120-Volt 

Line 

Operation 

2N3670 

For 240-Volt 

Line 

Operation 


TYPICAL E-l CHARACTERISTIC OF SILICON 
CONTROLLED-RECTIFIER 


V R 


'RBO 


r 


U. 


CATHODE 


VR M ( n °n- re p) 


VR M < r eP> 



^'H OO 


If 


/ v BOO 

-Jt— 


Li 


FBO 


v FBOM (re P ) 


92CS-II920R3 



RADIO CORPORATION OF AMERICA 

Electronic Components and Devices Harrison, N. J. 


Trademark(s) ® Registered 
Marea(s) Registrada(s) 


2N3668, 2N3669, 2N3670 12-64 

Printed in U.S.A. 





2N3668, 2 N 366 9, 2N3670 


Absolute-Maximum Ratings , for Operation with Sinusoidal AC Supply Voltage 
at a Frequency between 50 and 400 cps, and with Resistive or Inductive Load 


RATINGS 

CONTROL LED-RECT IF IE R TYPES 

UNITS 


2N3668 

2N3669 

2N3670 


Transient Peak Reverse Voltage Q 
(Non-Re petitive), Vo^(non-rep) . 

150 

330 

660 

volts 

Peak Reverse Voltage (Repetitive), v Rjyj(rep) ....... 

100 

200 

400 

volts 

Peak Forward Blocking Voltage 
(Repetitive), v pBOM^ re P^ C 

600 

600 

600 

volts 

Forward Current: 





For case temperature (Tq) of +80° C, 
and unit mounted on heat sink — 





Average DC value at a conduction 
angle of 180°, Ip^y^ . 

8 

8 

8 

amperes 

RMS value, Ip RM g e 

Peak Surge Current, ipj^(surge y : 

12.5 

12.5 

12.5 

amperes 

For one cycle of applied voltage 

200 

200 

200 

amperes 

For more than one cycle of applied voltage. 

See Fig. 2 

See Fig. 2 

See Fig. 2 


Peak Forward Gate Current, iQKM 9 * 

Peak Gate Voltage: 

2 

2 

2 

ampere s 

Forward, v GKM ^ . 

10 

10 

10 

volts 

Reverse, v KGM h 

5 

5 

5 

volts 

Gate Power: 





Peak, Pqm^ 

5 

5 

5 

watts 

Average, PqAV^» 

Temperature:^ 

0.5 

0.5 

0.5 

watt 

Storage, T stg 

-40 to +125 

-40 to +125 

-40 to +125 

°C 

Operating (Case), Tc 

-40 to +100 

-40 to +100 

-40 to +100 

°c 


* Temperature reference point is within 1/8” of the center of the underside of unit. 


Characteristics at Maximum Ratings (unless otherwise specified), and at Indicated Case Temperature (Tq) 


CHARACTERISTICS 

CONT ROLLED-RECTIFIER TYPES 

UNITS 


2N3668 

2N3669 

2N3670 



Min . 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Forward Breakover Voltage, v BO G m ' 











At Tc = +100° C 

100 

- 

- 

200 

- 

- 

400 

- 

- 

volts 

Peak Blocking Current, at Tc = +100° C, 

^FBO an ^ VrbO = Rated Values: 











Forward, IfBOM * 1 

- 

0.2 

2 

- 

0.25 

2.5 

- 

0.3 

3 

ma 

Reverse, IrbOM P . 

Forward Voltage Drop, vp^: 

*■ 

0.05 

1 

— 

0.1 

1.25 


0.2 

1.5 

ma 

At a Forward Current of 25 amperes and 
a T C = +25° C (See Fig-7) 

— 

1.4 

1.8 

- 

1.4 

1.8 

- 

1.4 

1.8 

volts 

DC Gate-Trigger Current, lGT f; 

At Tq = +25° C (See Fig-6) 

Gate-Trigger Voltage, Vqt s : 

1 

25 

40 

1 

25 

40 

1 

25 

40 

ma (dc) 

At Tc = +25° C (See Fig-6) 

Holding Current, iHOO*’ 

— 

1.5 

2 


1.5 

2 


1.5 

2 

volts (dc) 

At T C = +25° C 

0.5 

20 

50 

0.5 

20 

50 

0.5 

20 

50 

ma 


2N3668, 2N3669, 2N3670 


RATING CHART (CASE TEMPERATURE) 


SURGE CURRENT RATING CHART 



SUPPLY FREQUENCY=60 CPS SINE WAVE 

CASE TEMPERATURE =80° C 

LOAD=RESISTIVE 

REPETITIVE PEAK REVERSE VOLTAGE [v RM (rep)]=MAXIMUM-RATED VALUE 
AVERAGE FORWARD CURRENT (I FAV )= MAXIMUM-RATED VALUE 
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NATURAL-AIR COOLING OPERATION 
GUIDANCE CHART 


10 100 
SURGE CURRENT DURATION— CYCLES 

Fig. 2 

. b\ 

FORCED-AIR COOLING OPERATION 
GUIDANCE CHART 


1000 

92CS-I2932 



92CS-I2930 


Fig. 3 

POWER DISSIPATION CHART 



92CS-I2935 


10 


FORCED-AIR COOLING: 

AIR VELOC!TY=IOOO FEET PER MINUTE PARALLEL 
TO PLANE OF HEAT SINK 
SINGLE-PHASE OPERATION 
CONDUCTION ANGLE=I80° 

CONTROLLED RECTIFIER USING HEAT-SINK COMPOUND . 
HEAT SINK: 1/16- THICK COPPER WITH A MAT-BLACK 
SURFACE AND THERMAL EMISSIVITY OF 0.9 



20 40 60 80 

INCOMING AIR TEMPERATURE- 


92CS-I2933 


Fig.4 

GATE-TRIGGER CHARACTERISTICS 


SHADED AREAS 1,2, AND 3 DEFINE THE CURRENT AND VOLTAGE REQUIRED 
TO TRIGGER ALL UNITS AT-40° C. 

SHADED AREAS 2 AND 3 DEFINE THE CURRENT AND VOLTAGE REQUIRED 
TO TRIGGER ALL UNITS AT+25° C. 

SHADED AREA I DEFINES THE CURRENT AND VOLTAGE REQUIRED TO 
TRIGGER ALL UNITS AT+IOO°C 



0.001 


4 6 8 1 2 

0.01 0.1 

GATE-TRIGGER CURRENT (Igt)’ 


2 4681 2 468 

10 

AMPERES 

92CS-I2924 


Fig. 5 


Fig. 6 


* Dow Corning 340 Silicon Heat Sink Compound, or equivalent. 



2N3668, 2N3669, 2N3670 



INSTANTANEOUS FORWARD VOLTAGE DROP (v F ) VOLTS 

92CS-I293I 

; /.V- Fig. 7 ; V 

CONTROLLED-RECTIFIER TERMS, SYMBOLS, 

AND DEFINITIONS 

0 Transient Peak Reverse Voltage (Non-repetitive) - VR]yj(non- 
rep) - The maximum value of negative (reverse-blocking) 
voltage which may be applied between the anode and cathode 
for not more than 5 milliseconds when the gate is open 
(gate voltage is zero or negative with respect to cathode), 

L 

Peak Reverse Voltage (Repetitive) - v RM^ re P^ “ The maxi- 
mum instantaneous value of negative (reverse-blocking) 
voltage which may be applied repetitively between the anode 
and cathode when the gate is open. 

c Peak Forward Blocking Voltage - v FBOM^ re P^ " The maxi- 
mum instantaneous value of positive (f orward-blocking) 
voltage which maybe applied repetitively between the anode 
and cathode when the gate is open. 

Average Forward Current - IpAV ” The average (dc) value 
of the current flowing from anode to cathode in the device. 

e RMS Forward Current - IfRMS " The RMS value of the cur- 
rent flowing from anode to cathode in the device. 

* Peak Surge Current - ipjy^surge) - The maximum total in- 
stantaneous value of forward current which may be imposed 
during one forward half-cycle with the device operating 
within its specified maximum voltage, average-forward- 
current, gate-power, and temperature ratings in a single- 
phase circuit with 60-cps supply and resistive load. The 
peak surge current may be repeated after sufficient time 
has elapsed for the device to return to pre-surge thermal 
equilibrium conditions. 

9 Peak Forward Gate Current - iGKM - The maximum instan- 
taneous value of the current which may flow between gate 
and cathode. 

h Peak Gate Voltage - VQRM or V KGM “ The maximum instan- 
taneous value of voltage, either forward or reverse, which 
may be applied between gate and cathode. 

1 Peak Gate Power - PqM " The maximum instantaneous 
power dissipated between gate and cathode. 

k Average Gate Power - PqAV " The average power dissi- 
pated between gate and cathode. 

m Forward Breakover Voltage - vrqO " The value of positive 
anode voltage at which a controlled rectifier switches into 
the conducting state when the gate is open. 

n Peak Forward Blocking Current - IpBOM “ The maximum 
value of the forward blocking current of a controlled recti- 
fier with gate open. 

P Peak Reverse Blocking Current - IrBOM “ The maximum 
value of the reverse blocking current oi a controlled recti- 
fier with gate open. 

9 Forward Voltage Drop - vp - The instantaneous voltage drop 
across a controlled rectifier at a given instantaneous for- 
ward current ip. 

r Gate-Trigger Current - Iqt ” The gate current required to 
trigger a controlled rectifier operating at a specified tem- 
perature when the anode is at a potential of +6 volts with 
respect to the cathode. 


SUGGESTED INSULATED MOUNTING ARRANGEMENT 

MOUNTING FLANGE 



NOTE 1: 0.002" MICA INSULATOR OR ANODIZED ALUMI- 
NUM INSULATOR (DRILLED OR PUNCHED WITH BURRS 
REMOVED). TO 

NOTE 2: REMOVE BURRS FROM CHASSIS HOLES. 

NOTE 3: DOW CORNING 340 SILICON HEAT SINK COM- 
POUND, O R E Q U I V A LE N T . 

L Ll'To} L DIMENSIONAL OUTLINE 



NOTE 1:- THESE DIMENSIONS SHOULD BE MEASURED AT 
POINTS .050 TO .055 BELOW SEATING PLANE. WHEN 
GAUGE IS NOT USED, MEASUREMENT WILL BE MADE AT 
SEATING PLANE. 


TERMINAL DIAGRAM 


PIN .1 • GATE 
PIN 2: CATHODE 
C ASE : : ANODE- ; 



GATE 

TERMINAL 


s Gate-Trigger Voltage - Vqt - The gate-to-cathode voltage 
required to trigger a controlled rectifier operating at a 
specified temperature when the anode is at a potential of 
+6 volts with respect to the cathode. 

f Holding Current - ip[00 " Th e instantaneous value of for- 
ward current ip below which a controlled rectifier with its 
gate open returns to its forward blocking state. 
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APPLICATION OF RCA SCR’S 
TO SPEED CONTROL OF UNIVERSAL MOTORS 

By: J.V. YONUSHKA 


INTRODUCTION 


This Note describes the ap- 
plication of RCA silicon control- 
led rectifiers to speed-control cir- 
cuits for fractional horse-power, 
series wound, universal motors 
used in such applications as port- 
able hand tools, winding machines, 
processing and material handling 
machines and home appliances. 


Silicon controlled rectifiers 
have been widely accepted for 
power control applications in in- 
dustrial systems where high per- 
formance requirements justified 
the economics of the application. 
Historically, in the commercial 
high-volume market, economic 
considerations precluded the use 
of the SCR. However, with the 
development of a family of SCR’s 
by RCA (designed specifically for 
mass production economy and rated 
for 120 -and 240 -volt line oper- 
ation), speed controls for frac- 
tional horsepower universal motors 
can be designed to provide good 
performance, maximum efficiency 
and high reliability in compact 
and facile packages. 


The control circuits presented 
herein are typical of the many pos- 
sible circuits applicable for univer- 
sal motor speed control. Each 
circuit has been selected to com- 
pare performance against compon- 
ent cost. A general description and 
the typical characteristics of un- 
iversal motors are given. Speed- 
control using phase angle variation 


is discussed and schematic dia- 
grams are described. The advan- 
tages and limitations of each cir- 
cuit are contrasted. A method to 
select an SCR for a particular cir- 
cuit configuration and a given 
motor horse power rating is pre- 
sented in the last section. 

GENERAL INFORMATION 

Most fractional horse power 
motors are series wound as shown 
in Figure 1. The universal motor, 
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FIGURE 1 SERIES WOUND 
UNIVERSAL MOTOR 


widely used for a large number of 
applications, is specifically de- 
signed to operate on a.c. or d.c. 
and can be considered as a special 
type of series motor.lt is basically 
a d.c. motor with a.c. performance 
characteristics which are equiv- 
alent. It is not possible to have 
identical performance charac- 
teristics of a universal motor 


operating on d.c. and on all dis- 
tribution frequencies. Because 
most domestic applications today 
are for 60 cps power, universal 
motors are usually designed to 
give optimum performance charac- 
teristics at this frequency. Most 
universal motors will run faster at 
a given d.c. voltage than at the 
equal 60 cps a.c. voltage. 

The field winding of a universal 
motor, whether distributed or lump- 
ed (salient pole), is in series with 

the armature and external cir- 
cuit. Current flowing through the 
field winding produces a mag- 
netic field which cuts across the 
armature conductors. The opposing 
field set up in the conductor by 
armature current subjects the in- 
dividual conductors to a lateral 
thrust which produces armature 
rotation. 

The a.c. operation of the uni- 
versal motor is achieved by the 
nature of it’s electrical connect- 
ions. Since the a.c. source voltage 
reverses every half-cycle, the mag- 
netic field produced by the field 
winding reverses it’s direction in 
conjunction with the applied a.c. 
voltage. Because the armature 

windings are in series with the 

field windings through it’s brushes 
and commutating segments, the 
current through the armature wind- 
ings also reverses. With both the 

magnetic field and armature cur- 

rent reversed, the lateral thrust on 
the armature windings remains in 



INFORMATION FURNISHED BY RCA IS BELIEVED TO BE AC- 
CURATE AND RELIABLE. HOWEVER, NO RESPONSIBILITY IS 
ASSUMED BY RCA FOR ITS USE; NOR FOR ANY INFRINGE- 
MENTS OF PATENTS OR OTHER RIGHTS OF THIRD PARTIES 
WHICH MAY RESULT FROM ITS USE. NO LICENSE IS GRANTED 
BY IMPLICATION OR OTHERWISE UNDER ANY PATENT OR 
PATENT RIGHTS OF RCA. 
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the same direction. 

As the armature rotates through 
the magnetic field, a voltage op- 
posite to the impressed voltage is 
induced in the individual armature 
conductors. In half-wave operation, 
during the non-conducting half- 
cycle of the SCR, the rotating 
armature still produces a counter 
EMF due to the residual mag- 
netism of the field poles. Counter 
EMF produced in the armature con- 
ductors is therefore proportional 
to motor speed. In some of the ap- 
plications described in this note, 
the counter EMF of an operating 
motor is used as a means of pro- 
viding speed regulation for chang- 
ing shaft loads. 

The resultant current flowing 
through an operating motor arma- 
ture depends upon the difference 
between the impressed voltage 
(EMF) and the counter EMF. The 
current that will flow through a 
universal motor when it is initially 
energized will be large because 
there is no rotation to generate a 
counter EMF in the armature wind- 
ings and the starting current will 
only be limited by the impedance 
of the armature and field windings. 
The ratio of peak starting current 
to peak running current can be as 
high as 10:1. 

The speed of a series motor 
automatically adjusts itself to 
such a value that the difference 
between the impressed voltage 
and the counter EMF permits 
enough current to flow to devel- 
op the torque required by the load. 
At very light loads or at no load, 
the current through the universal 
motor is small. To maintain a 
small current through the motor, 
the counter EMF must be high to 
have a small difference between 
impressed voltage and counter EMF. 
The small current through the 
motor also results in a weak mag- 
netic field flux since the motor 
current flowing through the field 
winding produces the magnetic 
field flux. The weakened magnetic 
field flux tends to make the motor 
speed increase even further to 
produce the high counter EMF 
required. Actually, universal 
motors would tend to “run away” 
at no loads, however, portable 
hand tools and universal motors 
with gear trains offer enough 
friction and windage losses to 
limit the no-load speed to a safe 
value. 


When a mechanical load is put 
on a universal motor, the current 
must increase correspondingly 
through the motor to provide the 
increased torque required by the 
load. To increase the current 
through the motor, the difference 
between impressed voltage and 
counter EMF must increase. This 
can only be brought about by a 
lower counter EMF which results 
in a decrease in motor speed. 
Therefore, placing a mechanical 
load on a universal motor tends to 
reduce the speed of the motor. For 
many portable hand tools and uni- 
versal motors with gear trains, the 
full load speed is approximately 
60 percent of the no-load speed. 

The torque developed by a 
universal motor is a direct result 
of the magnitude of magnetic field 
flux and armature current. For fixed 
mechanical loads, the starting 
torque of a universal motor is high 
since the armature current when 
starting is high. Also at stall 
conditions, the armature current 
is large, this results in a large 
torque. The stall torque of a series 
motor can be as high as 10 times 
the continuous rated torque. 

Since torque and armature cur- 
rent influence the speed of a uni- 
versal motor, it is possible under 
certain operating conditions to 
vary the impressed voltage and in- 
fluence the motor’s operating char- 
acteristics. For increased me- 
chanical loads, increasing the 
impressed voltage will produce a 
large armature current and tend to 


keep the speed constant. Also, 
for fixed mechanical loads, in- 
creasing the impressed voltage 
produces’ a higher armature current 
to increase the motor speed and 
keep the torque the same. 

The high starting torque, ad- 
justable speed characteristics and 
small size are distinct advantages 
of a universal motor over a com- 
parable rated single-phase in- 
duction motor. Typical charac- 
teristic curves for a universal 
motor are shown in Figure 2. 

SPEED CONTROL 

One of the most simple and ef- 
ficient means of varying the im- 
pressed voltage to a universal 
motor is by controlling the con- 
duction angle of an SCR placed in 
series with the motor. This phase 
control technique is illustrated 
in Figure 3. Since the SCR is a 
rectifying device, only that por-' 
tion of the cycle positive at the 
anode of the SCR at the time of 
firing is applied to the load. The 
SCR turns off when the supply line 
voltage reverses polarity every 
half-cycle. Because of the d.c. 
characteristics of a universal 
motor, using the SCR as a means 
of varying the impressed voltage 
to change the motor speed becomes 
quite practical in half-wave ap- 
plications. A typical curve show- 
ing the variation of motor speed 
with SCR conduction angle for 
both half-wave and full-wave im- 
pressed motor voltage is shown in 
Figure 4. 



FIGURE 2 TYPICAL PERFORMANCE CURVES OF UNIVERSAL MOTORS 
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FIGURE 3 VOLTAGE WAVE SHAPES 
IN AC PHASE CONTROL CIRCUITS 


APPLICATIONS 

Half-Wave 

The circuit of Figure 5 is re- 
commended for applications re- 
quiring stable operation at low 
speeds with fixed loads. This 
circuit is more advantageous than 
simple resistance firing circuits 
since the phase shifting charac- 
teristics of the RC network allows 
firing the SCR beyond the peak of 
the impressed voltage, resulting in 
small conduction angles. Thus 
very slow speeds can be obtained. 

On the positive half-cycle of 
the applied voltage, capacitor Cl 



FIGURE 4 TYPICAL PERFORMANCE CURVES OF A UNIVERSAL MOTOR 

WITH PHASE ANGLE CONTROL 
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FIGURE 5 HALF-WAVE MOTOR CONTROL, NO REGULATION 
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8-volts. Maximum conduction 
angle is approximately 170°. 
Circuit values (Fig. 6) for use 
with the various RCA SCR’s are 
shown in Table II. 

The control circuit shown in 
Figure 7 uses the breakdown volt- 
age of a neon lamp as a threshold 
setting for firing the SCR. The 


is charged through network Rl, 
.R2 and CR1. When the voltage on 
Cl exceeds the gate firing voltage 
of SCR1, the SCR will turn on, ap- 
plying the remaining portion of the 
half-cycle to the load. On the 
negative half cycle, Cl discharges 
to zero volts through Rl, R2 and 
R3. The delay in firing SCR1 de- 
pends upon the time constant net- 
work (Rl, R2 and Cl) which pro- 
duces a phase shifted gate firing 
voltage relative to the supply volt- 
age. The amount of phase shift is 
adjusted by Rl. With maximum re- 
sistance in the circuit, the RC 
time constant is longest. This re- 
sults in a large phase shift with a 
correspondingly small conduction 
angle and slow motor speeds. With 
minimum resistance, the phase 
shift is small with essentially 
full line voltage applied to the 
load, giving maximum speed. It 
should be noted that this circuit 
does not provide torque compen- 
sation, therefore, care should be 
excercised to prevent stalling 
of the motor. Under stall conditions, 
currents can become excessive as 
noted previously. The SCR should 
not be subjected to a stall current 
greater than a few seconds, un- 
less special design considerations 
have been included in the system. 
Circuit values (Fig. 5) for use 
with the various RCA SCR’s are 
shown in Table 1. 

The circuit shown in Figure 6 
reduces spread in gate turn-on 
characteristics. This circuit de- 
pends upon the fast switching 
characteristics of transistors. The 
phase shift characteristics are 
still retained to give conduction 
angles less than 90° through the 
RC network of Rl, R2 and Cl. R3 
provides turn-on current to the base 
of Q1 when the voltage on Cl be- 
comes large enough on the positive 
half-cycle. Base current flowing in 
Q1 turns Q1 on, supplying base 
current to Q2. When Q2 turns on it 
supplies more base current to Q1 
providing more regeneration to 


NE-83 neon lamp is specifically 
designed for handling the high 



FIGURE 6 HALF-WAVE MOTOR CONTROL, NO REGULATION 


VAC 

IAC 

F-l 

CR1 

R-l 1 

SCR1 

120V 

1A 

3AG-1.5A, Quick Act 

RCA 1N3755 

75K, i/ 2 W 

RCA 2N3528 

120V 

3A 

3AB-3A 

RCA 1N3755 

75K, i/ 2 W 

RCA 2N3228 

120V 

7A 

3AB-7A 

RCA 1N3755 

75K, 1/2 W 

RCA 2N3669 

240V 

1A 

3AG-1.5A, Quick Act 

RCA 1N3756 

. 

15 OK, i/ 2 W 

RCA 2N3529 

240V 

3A 

3AB-3A 

RCA 1N3756 

15 OK, i/ 2 VV 

RCA 2N3525 

240V 

7A 

3AB-7A 

RCA 1N3758 

1 50K, 1/2 W 

RCA 2N3670 


TABLE II COMPONENT VALUES FOR FIGURE 6 


saturate the transistors rapidly. 
Capacitor Cl discharges through 
the saturated transistors into the 
gate of the SCR. When the SCR 
fires, the remaining portioh of the 
positive half-cycle is applied to 
the motor. Speed control is ac- 
complished by changing the setting 
of Rl. With the values shown in 
Figure 6 the threshold voltage for 
firing the circuit is approximately 


current pulses required for trig- 
gering SCR’s. When the voltage on 
Cl reaches the breakdown voltage 
of the neon lamp, the lamp fires 
and Cl discharges through the 
lamp to its maintaining voltage. 
At this point, the lamp again re- 
verts to it’s high impedance state. 
The discharge of the capacitor 
from breakdown to maintaining 
voltage of the neon lamp provides 



VAC 

IAC 

F-l 

CR1 

R-l 

C-l 

SCR 1 

120V 

1A 

3AG-1.5A, Quick Act 

RCA 1N3755 

2 OK, 1/2 W 

8/if, 10V 

RCA 2N3 528 

120V 

3A 

3AB-3A 

RCA 1N3755 

to 

0 

W 

io'- 

3= 

> 

0 

1 — * 

<*— 

QO 

RCA 2N3228 

120V 

7A 

3AB-7A 

RCA 1N3755 

5K, 2VV 

8/i f, 25V 

RCA 2N3669 

240V 

1A 

3AG-1.5A, Quick Act 

RCA 1N3756 

2 OK, 2VY 

8/xf, 10V 

RCA 2N3529 

240V 

3A 

3AB-3A 

RCA 1N3756 

2 OK, 2W 

8 /if, 10V 

RCA 2N3525 

240V 

7A 

3AB-7A 

RCA 1N3756 

10K, 5W 

8/if, 25V 

RCA 2N3670 


TABLE I COMPONENT VALUES FOR FIGURE 5 
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*NE-83, 5AH, A057B or Equivalent 


FIGURE 7 HALF-WAVE MOTOR CONTROL, NO REGULATION 


VAC 

IAC 

F-l 

CR1 

R-2 

SCR1 

120V 

1A 

3AG-1.5A, Quick Act 

RCA 1N3755 

75K, i/ 2 W 

RCA 2N3528 

120V 

3A 

3AB-3A 

RCA 1N3755 

75K, i/ 2 W 

RCA 2N3228 

120V 

7 A 

3AB-7A 

RCA 1N3755 

75K, y 2 W 

RCA 2N3669 

240V 

1A 

3AG-1.5A, Quick Act 

RCA 1N3756 

100K, 1 / 2 W 

RCA2N3529 

240V 

3A 

3AB-3A 

RCA 1N3756 

100K, i/ 2 \V 

RCA 2N3525 

240V 

7 A 

3AB-7A 

RCA 1N3756 

100K, i/ 2 W 

RCA 2N3670 


TABLE III COMPONENT VALUES FOR FIGURE 7 


a current pulse of sufficient mag- 
nitude to fire the SCR. Once the 
SCR has fired, the voltage across 
the phase shifting network reduces 
to the forward voltage drop of the 
SCR for the remainder of the half- 
cycle. The capacitor discharges 
through R3 from the maintaining 
voltage of the neon lamp to zero 
volts. Higher breakdown voltage 
of the neon lamp reduces s lightly 
the range of conduction angles. 
The range of conduction angles 
of the circuit of Figure 7 is ap- 
proximately 30° to 150°. The high 
breakdown voltage of the neon 
lamp provides excellent noise re- 
jection and prevents erratic firing 
of the SCR due to brush noises 
on the voltage supply lines. Cir- 
cuit values (Fig. 7) for use with 
the various RCA SCR’s are shown 
in Table III. 

A fundamental circuit which 
is quite effective in providing 
motor speed control for universal 
type motors is shown in Figure 8. 
This circuit makes use of the 
counter EMF induced into the 
rotating armature due to residual 
magnetism of the motor on the 
half-cycle when the SCR is block- 
ing. Because the counter EMF 
is a function of speed, it is used 
as an indication of speed changes 
for mechanical load variations. 
The gate firing circuit is a re- 
sistance network consisting of 
R1 and R2. During the positive 
half-cycle of the source voltage 
a fraction of the voltage is devel- 
oped at the center tap of the po- 
tentiometer and compared with the 
counter EMF developed in the 
rotating armature of the motor. 
When the bias developed at the 
gate of the SCR from the poten- 
tiometer exceeds the counter EMF 
of the motor, the SCR fires, ap- 
plying potential to the motor for 
the remaining portion of the pos- 
itive half-cycle. Speed control is 
accomplished by varying the po- 
tentiometer setting from maximum 
to minimum. If the SCR is fired 
early in tho_ cycle, the motor op- 
erates at high speed since es- 
sentially, rated line voltage is 
applied to the motor. "If the SCR 
is fired later in the cycle, reduced 
average voltage is applied to the 
motor with a corresponding reduc- 
tion in motor speed. On the neg- 
ative half-cycle, the SCR blocks 
voltage to the motor. Since the 
voltage applied to the gate of the 
SCR is a sine-wave and in phase 
with the supply voltage, the min- 


imum conduction angle occurs at 
the peak of the sine wave and is 
restricted to 90°. Increasing con- 
duction angles occur when the 
gate bias to the SCR is increased 
to allow firing at voltage values 
less than the peak value of the 
voltage at the center tap of the po- 
tentiometer. 

At no load and low speed, 
skip cycling operation occurs. 
This results in erratic motor 
speeds. Since no counter EMF is 
induced in the armature when the 
motor is standing still, the SCR 
will fire at low bias settings 
(potentiometer) causing the motor 
to accelerate to a point where the 


counter EMF induced in the ro- 
tating armature exceeds the gate 
firing bias of the SCR and pre- 
vents the SCR from firing. The 
SCR is not able to fire again until 
the speed of the motor has re- 
duced due to friction losses, to 
a value where the induced voltage 
in the rotating armature is less 
than the gate bias. At this time 
the SCR fires again. Because the 
motor deceleration occurs over a 
number of cycles, there is no vol- 
tage applied to the motor hence, 
the term skip cycling. 

When a load is. applied to the 
motor, its speed decreases thereby 
reducing the counter EMF induced 
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in the rotating armature. With a 
reduced counter EMF, the SCR 
fires earlier in the cycle, pro- 
viding increased motor torque to 
the load. Figure 8 also shows 
variations of conduction angle 
with changes in counter EMF. 
The counter EMF appears as a 
constant voltage at the motor 
terminals when the SCR is block- 
ing. Since the counter EMF is es- 
sentially a characteristic of the 
motor, this may vary between var- 
ious motors, requiring other po- 
tentiometer settings for comparable 
operating conditions of different 
motors. Circuit values (Fig. 8) 
for use with the various RCA 
SCR’s are shown in Table IV. 



Figure 9 shows a variation of 
the Figure 6 circuit. The basic 
difference between the two cir- 
cuits is that Figure 9 circuit pro- 
vides feedback for changing load 
to maintain essentially a constant 
speed. The feedback is provided 
by R7 which is in series with the 
motor. A voltage proportional to 
the peak current through the motor, 
is developed across this resistor. 
This voltage is stored on capacitor 
C2 through diode CR2 and is of 
such polarity to change the bias 
on the resistance network of R3 
and R4 in accordance with the 
load on the motor. With an in- 
creasing motor load, the speed 
tends to decrease. This causes 


more current to flow through the 
motor armature and field. 

With increasing current flowing 
through R7, the voltage stored on 
capacitor C2 increases in the 
positive direction. This causes 
the transistors to conduct earlier 
in the cycle to fire the SCR and 
provide a greater portion of the 
cycle to the motor. With a de- 
creasing load, the motor current 
decreases, reducing the voltage 
stored on C2. This causes the 
transistors and SCR to conduct 
later in the cycle, reducing the 
average power supplied to the 
motor and resulting in a reduced 
torque for the smaller load. The 
advantage of this circuit is that 



FIGURE 8 HALF-WAVE MOTOR CONTROL, WITH REGULATION 





J\ _Jl 


GATE CURRENT 


GATE CURRENT 604A355 


LIGHT LOAD 


HEAVY LOAD 



FIGURE 9 HALF-WAVE MOTOR CONTROL, WITH REGULATION 
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VAC 

IAC 

F-l 

CR1 , CR2 

R1 

R2 

SCR1 

120V 

1A 

3AG-1.5A, Quick Act 

RCA 1N3755 

5.6K, 2W 

IK, 2W 

RCA 2N3528 

120V 

3A 

3AB-3A 

RCA 1N3755 

5.6K, 2W 

IK, 2W 

RCA 2N3228 

120 V 

7 A 

3AB-7A 

RCA 1N3755 

2.7K, 4W 

500, 2W 

RCA 2N3669 

240V 

1A 

3AG-1.5A, Quick Act 

RCA 1N3756 

10K, 5W 

IK, 2W 

RCA 2N3529 

240V 

3A 

3AB-3A 

RCA 1N3756 

10K, 5W | 

IK, 2W 

RCA 2N3525 

240V 

7A 

3AB-7A 

RCA 1N3756 

5.6K, 7.5W 

500, 2W 

RCA 2N3670 


TABLE IV COMPONENT VALUES FOR FIGURE 8 


a wide range of stable speeds can 
be obtained without any rewiring 
of the motor. Since the motor cur- 
rent is a function of the motor 
itself, resistor R7has to be match- 
ed with the motor rating to pro- 
vide the necessary feedback for 
proper load compensation. Re- 
sistor R7 may range in value from 
.1 ohm for larger size motors to 
1 ohm for the smaller motors. Cir- 
cuit values (Fig. 9) for use with 
the various RCA SCR’s are shown 
in Table V. 


When the voltage on Cl reaches the 
breakdown potential of the neon 
lamp on the positive half cycle, 
the neon lamp fires allowing Cl 
to discharge to the maintaining 
voltage of the neon lamp through 
CR1 and neon lamp into the gate 
of SCR2. When SCR2 fires, the 
voltage across the control circuit 
reduces to the forward voltage 
drop of the SCR allowing Cl to 
discharge. On the next half-cycle, 
Cl will charge from a lower pos- 
itive potential, allowing the neon 


lamp to fire earlier in the cycle. 
The potentiometer may now be in- 
creased and still fire the SCR’s at 
a reduced conduction angle, pro- 
ducing the hysteresis effect. On 
the negative half-cycle, when the 
charge on Cl has reached the 
breakdown potential of the neon 
damp, the capacitor discharges 
through CR2, the neon lamp and 
the primary of transformer T1 to 
the maintaining voltage of the 
neon lamp. The current pulse 
formed by the discharge of Cl is 
coupled by T1 into the gate of 
SCR1. For 60-cycle operation, the 
transformer is not critical since 
the magnitude and shape of the 
current firing pulse is determined 
primarily by the charge on the 
capacitor and the characteristics 
of the neon lamp. When different 
SCR’s are used, the load capa- 
bilities of the circuit should be 
observed as shown in table VI. 

Conduction angles for the circuit 
shown vary from approximately 
30° to 150° and at the maximum 
conduction angle, the voltage im- 
pressed upon the universal motor 
is approximately 95 per cent of 
the input RMS voltage. 

A full-wave circuit using the 
fast switching characteristics of 
transistors for triggering is shown 
in Figure 11. By using the tran- 
sistor network as a low voltage 
threshold device, maximum con- 


VAC 

IAC 

F-l 

CR1 

R-l 

SCR1 

120V 

1A 

3AG-1.5A, Quick Act 

RCA 1N3755 

75K, i/ 2 W 

RCA 2N3528 

120V 

3A 

3AB-3A 

RCA 1N3755 

75K, i/ 2 W 

RCA 2N3228 

120V 

7A 

3AB-7A 

RCA 1N3755 

75K, i/ 2 W 

RCA 2N3669 

240V 

1A 

3AG-1.5A, Quick Act 

RCA 1N3756 

1 50K, y 2 w 

RCA 2N3529 

240V 

3A 

3AB-3A 

RCA 1N3756 

1 50K, 1/ 2 W 

RCA 2N3525 j 

240V 

7A 

3AB-7A 

RCA 1N3758 

1 50K, y 2 W 

RCA2N3670 


TABLE V COMPONENT VALUES FOR FIGURE 9 



Full Wave 

A very simple but effective 
circuit for full-wave proportional 
control is shown in Figure 10. 
This circuit uses the principle of 
a.c. phase shifting and neon lamp 
triggering to provide phase angle 
control. It has the advantage of a 
symmetrical output for both halves 
of the a.c. input voltage since the 
same electrical components are 
used in the phase shifting and 
threshold functions for firing the 
SCR’s. Since the SCR gate cir- 
cuits are completely isolated from 
each other, the “cross talk” 
problem usually associated with 
gate firing circuits using trans- 
former coupling and bi-directional 
trigger devices is eliminated. Be- 
cause Cl charges to alternate 
positive and negative values, there 
is a hysteresis effect associated 
with this circuit. With decreasing 
resistances of R2 from its max- 
imum value, Cl will charge to a 
higher voltage on each half cycle. 



FIGURE 10 FULL-WAVE MOTOR CONTROL, NO REGULATION 
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VAC 

IAC 

F-l 

R-l 

R-2 

C 

SCR 

120 V 

1.5A 

3AG-2A, Quick Act 

IK, i/ 2 W 

5 OK, i/ 2 W 

.22ju{, 100V 

RCA 2N3528 

120V 

5A 

3AB-5A 

IK, % W 

5 OK, y 2 w 

.22/xf, 100V 

RCA 2N3228 

120V 

10A 

3AB-10A 

IK, i/ 2 W 

25K, 2W 

.47/xf, 100V 

RCA 2N3669 

mm 

1.5A 

3AG-2A, Quick Act 

IK, 1W 

50K, 2W 

.22/uf, 100V 

RCA 2N3529 


5A 

3AB-5A 

IK, 1W 

50K, 2W 

.22^f, 100V 

RCA 2N3525 

240V 

10A 

3AB-10A 

IK, 1W 

25K, 4VV 

.47 /if, 100V 

RCA 2N3670 


TABLE VI COMPONENT VALUES FOR FIGURE 10 


duction angle is obtained. The 
threshold point of the transistor 
circuit can be changed by varying 
the value of R3. The phase shift 
network of Rl, R2,and Cl permits 
the variation of conduction angles 
from minimum to maximum. An a.c. 
potential is impressed upon the 
ph ase shifting network to eliminate 
skip cycling at low conduction 
angles. The bridge network of 
CR1, CR2, CR3, and CR4 rectifies 
the a.c. voltage developed across 
Cl and provides d.c. voltage to 
the switching transistors. When 
the transistors are turned on, 
capacitor Cl discharges through 
the saturated transistors into the 
primary of Tl. The pulse formed 
by Cl and Tl fires the SCR which 
has a positive potential at the 
anode since both SCR’s receive 
the same gate polarity pulse. 

When the SCR fires, the remaining 
portion of the half-cycle is ap- 
plied to the load. On the alternate 
half-cycle, the other SCR will 
have a positive potential at its 
anode and will turn on when the 
gate firing pulse is developed in 
the primary of Tl. Variations in 
conduction angle are accomplished 
by changing the setting of R2. 

With the values shown in Figure 11, 
the threshold voltage for firing 
the transistor circuit is approxi- 
mately 8-volts. A maximum con- 
duction angle of approximately 
170o can b e achieved with this 
circuit. Load values for the cir- 
cuit using different RCA SCR’s 
and voltage inputs are shown in 
Table VII. 

A full-wave circuit designed for 

applications requiring feedback FIGURE 11 FULL-WAVE MOTOR CONTROL, NO REGULATION 

for compensation of load changes, 

is shown in Figure 12. Operation 
is the same as that describe d for 
Figure 9 with the exception of 
full-cycle conduction. In this cir- 
cuit, R7 should be matched to the 
characteristics of the specific 
motor application. The resistor 
will vary in range from .1 to 1 
ohm. Circuit values (Fig. 12) for 
use with the various RCA SCR’s 


VAC 

IAC 

F-l 

R2 

SCR1 & SCR2 

120V 

1.5A 

3AG-2A, Quick Act 

75K, i/ 2 W 

RCA 2N3528 

120 V 

5A 

3AB-5A 

75K, i/ 2 W 

RCA 2N3228 

120V 

10A 

3AB-10A 

75K, 1/2 W 

RCA 2N3669 

240V 

1.5A 

3AG-2A, Quick Act 

15 OK, i/ 2 W 

RCA 2N3529 

240V 

5A 

3AB-5A 

15 OK, 1 / 2 W 

RCA 2N3525 

240V 

10A 

3AB-10A 

15 OK, i/ 2 W 

RCA 2N3670 



Tl -3:1:1 BETTER COIL ANDTRANSFORMER CO. 
TYPE 99A15 OR EQUIVALENT 

NOTE: R-3, R-4, AND R-5 ARE 5% TOL. 


SUPPLY 

VOLTAGE 


MOTOR 

VOLTAGE 


TRIGGER 

PULSES 



are shown in Table VIII. 


TABLE VII COMPONENT VALUES FOR FIGURE 11 
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R-6 

150, '/ 2 W 

RCA 2N3241 
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FIGURE 12 FULL-WAVE MOTOR CONTROL WITH FEEDBACK 


VAC 

IAC 

F-l 

CR1 , CR2 
CR3, CR4 

R-l 

SCR1 

120V 

1A 

3AG-1.5A, Quick Act 

RCA1N2860 

5 OK, Yq\\ 

RCA 2N3528 

120V 

3A 

3AB-3A 

RCA 40110 

5 OK, i/ 2 W 

RCA 2N3228 

120V 

7A 

3AB-7A 

RCA 40110 

5 OK, ‘/ 2 W 

RCA 2N3669 

240V 

1A 

3AG-1.5A, Quick Act 

RCA 1N2862 

iook, y 2 W 

RCA 2N3529 

240V 

3A 

3AB-3A 

RCA 40112 

100K, i/ 2 W 

RCA 2N3525 

240V 

7A 

3AB-7A 

RCA 40112 

iook, i/ 2 w j 

RCA 2N3670 


TABLE VIII COMPONENT VALUES FOR FIGURE 12 


RATINGS AND LIMITATIONS 

Silicon controlled rectifiers 
(SCR’s), like most other electrical 
devices, have maximum tem- 
perature ratings which determines 
their voltage and current capabil- 
ities. Package size and environ- 
ment limit the power dissipation 
abilities of the device and ratings 
are usually given for a particular 
heat sink size at a prescribed 
ambient or case temperature. 

The main source of heat within 
an SCR operating at 60 cps is due 

to forward current and voltage 
drop during conduction. Urtder 
steady-state conditions, the heat 
generated within the device has to 
be balanced by the flow of heat 
to the heat sink and the ambient 
air. For fixed heat sink sizes, if 
more heat is generated within the 


SCR than can be dissipated by 
the case and the heat sink, the 
junction temperature will increase 
and the device will “thermally ” 
run away. Under these conditions 
the SCR will lose its forward 
blocking capabilities and may 
break down thermally in the re- 
verse direction to damage the SCR 
pellet. Increasing the heat sink 
size to maintain the balance of 
heat flow between the heat gener- 
ated and the heat dissipated will 
insure reliable performance of 
the SCR. 

The current ratings of the cir- 
cuits using the 2N3528 and 2N3529 
SCR’s are based upon these de- 
vices being mounted by their elec- 
trical leads in free-air. The cur- 
rent ratings of the circuits using 
the other SCR’s are based upon the 
SCR’s being mounted on an alu- 


minum heat sink having an equiv- 
alent dimension of 3”x 3”x 1/16”. 
The ambient temperature in the 
vicinity of the SCR or heat sink 
should be limited to a maximum of 
50°C (122°F) when operating at 
full rated current of the circuit. 

The heatsink on which the SCR 
is mounted can be a single plate 
or advantage may be taken of its 
package housing by insulating the 
SCR or heat sink with a mica 
washer and attaching it to avail- 
able metal framing as shown in 
Figure 13. The use of silicone 
grease or other comparable mate- 
rials between the SCR and heat 
sink will provide a better thermal 
contact for more efficient heat dis- 
sipation. In critical areas, a comb- 
ination of fin and frame may be 
used to secure the necessary heat 
sink area for reliable operation. 
Smaller heat sink areas may be 
used if moving air can be provided 
at the intake of the motor or by a 
fan. 

It should be emphasized that 
operation of a universal motor at 
low speeds and heavy mechanical 
loads may stall the motor and 
cause large currents to flow through 
the SCR. Under such conditions, 
operation of the motor should be 
limited to a few seconds to pre- 
vent blowing of the fuse. Fuse 
ratings should be carefully ob- 
served and limited to the types and 
values indicated. Circuit current 
ratings have been assigned with 
consideration of practical heat 
sink and packaging, available 
economical fuse characteristics, 
and motor over-load and stall per- 
formance. These circuit current 
values should not be exceeded. 

For universal motors with name 
plate data given in developed 
horse power to the load, the me- 
chanical power must be converted 
into electrical power. Internal 
losses of the motor must be con- 
sidered when determining input 
power. A figure of merit to use 
is 50 per cent efficiency, indica- 
ting that the power input to the 
motor is twice the power delivered 
to the load. Using this figure of 
merit of .5 and the proper input 
voltage (VAC), the RMS input cur- 
rent to the motor can be calculated 
as follows: 


RMS Current ~ 


Horse Power x 746 
VAC x .5 
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r 



For an input voltage (VAC) of 
120-volts, the RMS input current 
calculation becomes: 

RMS Current = Horse Power x 12.4 

For an input voltage (VAC) of 240 
volts, the RMS input current cal- 
culation becomes: 

RMS Current = Horse Power x 6.2 

The RMS current calculated from 
the above formulae should not ex- 
ceed the values given in the Tables 
for the various circuits in this 
Note. The circuits and ratings in 


- 



this Universal Motor Applications 
Note will accommodate motor sizes 
up to 3/4 horse power at 120V in- 
put and up to 11/2 horse power at 
240 Volts input. 

CONCLUSIONS 

In the operation of universal 
motors under normal usage, the 
versatility of speed control pro- 
vides many different applications 
for the user. Several methods of 
speed control were presented in 
this Note. The emphasis for the 
circuits was on simplicity and 
economy. A higher degree of speed 


regulation can be achieved by 
using more complex firing and 
feedback circuits. The performance 
of the circuits will be adequate for 
a large number of motor appli- 
cations. Depending upon the in- 
dividual needs of the user, either 
half-wave or full-wave, with or 
without feedback can be selected. 
A convenient method of speed 
control is to use the half-wave cir- 
cuits for the variable speed con- 
trol and by-pass the SCR and its 
control circuitry with a switch for 
full power operation. 


"V 
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The following RCA SCR’s, referred to in this SMA-38, are completely characterized on separate technical bulletins, 
available upon request. A quick recap is given in the following chart. 


RCA SCR 

TYPE NO. 

AC 

LINE VOLTAGE 

DEVICE CURRENT RATING 
(RMS AMPS) 

JEDEC PACKAGE 

2N3669 

120 V 

12.5 § T c = 80° C 


TO-3 

2N3670 

240V 

12.5 @ T c = 80°C 

2N3528 

120 V 

2.0 § T fa = 25°C 

'*■ ; v * J 

TO-8 

2N3529 

240V 

2.0@ T fa = 25°C 

1 

1 

! 

| 

i 

i — j 


2N3228 

120V 

5.0 § T c = 75°C 

— gj^-- 

TO-66 

2N3525 

240V 

5.0 § T c = 75°C 


In addition to the foregoing, RCA also offers additional SCR types: 


RCA SCR 

TYPE NO. 

AMPS 


JEDEC PACKAGE 

AVG. 

RMS 

VOLTS (V RM ) 

TA2682 

1.6 

2.5 

200 (120V Line) 

1 ^ 

TO-5 

TA2683 

1.6 

2.5 

400 (240V Line) 

2N681-2N690 

16 

25 

25-600 


TO-48 

2N 1 842A-2N 1 850A 

10 

16 

25-500 

2N1770-2N1778 

4.7 

7.4 

25-500V 

Bp' • 

wmmmm 

TO-64 

TA2652 

3.2 

5.0 

100 

. 1&0&. 

f |J' : f '*&■} 

«■-» w mBj -^1 

m 

TO-66 

TA2653 Inverter 

3.2 

5.0 

200 

TA2654 Types 

3.2 

5.0 

400 

TA2655 

3.2 

5.0 

600 

TA2442 

18 

28 

100 

** .\ < 

^■1 ■ 

Press Fit 

TA2444 

18 

28 

200 (120V Line) 

TA2447 

18 

28 

400 (240V Line) 
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